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mMmmn i* 2 cii:^  3 si 
f 0!? nmmm % m 
smtsm u tmm^tm mmmim mn nmrnmm mimmB 
vimm u mmn^m^ r^Bmmim fm mifmakfB ftmnm 
nmm ts mmJMmz tsoami!!^  vm -Bwrnmrn vwrn^Kw 
Pimm u sBfc& i^m isoafisists f01 BifMiA-m vm^nm 
mmmmtA mmut m:mmmt&nm m 
£mmmt B m.mmn pmmmmB m 
m 
i& ixmnllf ni^ eifstooa to Keaa a gQm$ tell, olw&iii 01* friotioa 
drii79, i«o«, a ariirin* ^nit that Hao m ©ofist^ f feranaiissieii 
iralool^ ratio osf ^ «]^x®ieei&» mtin^mimt^lQ to ©feeifid 
i»etati0Bia '^elooltles* Um^mvf tMm asm matmsi^mB f « 
sua oojB t^aotod for ^^otfM n^plioatioi^fc tlW ««^ ^  a^^lgi^d 
tl^ aeslmaimi aan alt© ba aoi^ iioj^ ^di ae molil»se« the stmajr of 
tim »ealllag P3^0tiec^ uppliectfeion^ ©t tjijcfeaiiissa fur pdi^ lo l^o 
c^ 
la al l isi^a^tid pt«^leaSf tk> ao»t tepextaitt asfpootj Ho that 
fi»^ it pj?0wifi1iei iapat m^^ tien t the i^mifioa oatpst ^©oia 
XI is a eittgl© d®gi"ea*©f«€i?e0Ao!a iPctKwiiimt fi^ ©iiapleat n^jito-
iiisii witfH tw0 mm^m^t fm&&m to ti^ fiw l$Mt muhmim9 m&. 
tmt with ttecm ^®i»9a cf ffsetCKs l i tB© ela llsfe ssofeofttis* 
ffefii «^plicsti«sii ©f Ifee ftv© lislr ssseliaiiiaii i s lioitoa m i t liss 
only ti:?© flisst loineii, h mffo ffeetieal ©sefeoaiea i s c^btaiasa 
^f ennmcttim *®s> nose lii&e t© f tw liisac ssobaoisa, tliis giw© 
® t&ird fiE<5<l lolal GRd a s«atml swen I late aeetotiiw tjltti 
eiglit tumiing ]^im^ 
0M<iflF its aa^uijtalslt seetmnisss* l» tsoi^  eatjas* i?^  0ferii?o $m 
a oojstiaaOBe MJuetability of %to& TOChssisa Coifing it© o^ratioo^ 
&<l|tjot^isl0 &f ttsa s^ TOte of ttm <sg<n\imi'm^ tho l>l€ia# asgle ©f 
fito ottta^ of oe*l6tt in «iaelxti^ i3 my broaaisr bo elas^ifi^a 
mtlc qratfessis, Kiaessati© anal^ i^l© ia the d0t©«iiia%iott of 
mobicss miBtimi i s ^ s^^Mm « 3©otoisi@a# Einsoatio ^^tmnis 
i s tfc© So*0jrailimli»R 0f ®o«ft;^ il^ mt that fslftl co^laio mt^im 
in) ttm mtreMtiQU af th& im^^f^tmmm^ VO1WB& of kim^ 
af two lii3k&» 
tucmtitt^e of two liitfic j^ sua 
%QhB si^l«^a» S®0©Ml3r tsas lisstotj? of liiHc© as^ the mmsmtiGnts 
ii 
mmm i»^.f Wm$ ma^m mi ifepRsiwml ^rathesli. 
t#j?iiti©»t* It t&|5@«^  i p » ttoo a0e%|ii0r*ii «l©^i©»#» Btjt other 
ftffeet ^stlitgt* pp^ltm teftw to l%@ ^©fif of tl^ mmu^ 
P» f lilt i s ^qml t# Ifi0 iiii#o^ nf itiM^mmmt ©oorttsatts jf@i|tti»€ 
mil t te lif&g* fte floret «^  i@i»#s of f» ta«# ff ©f © f^e!»r^0« 
s 
Diaeasl^sial t^tbecjls ®&als «l t ! i tin© dsteaitaGtioB ©f tte© 
f 13© SOfiaotffioal i5ptlii3S0 s ^ ^uielE im4 tew t te at^^ite^o of 
ilt0^i?a^ iffld tfefOBgft t^li? fofiotioi^ i^latloM ©Hi oais get 
tiscs »lat l¥© |t8|p#3ft€^© of 131^  Pfcl?£i^ t«i»i^  ffesy al00 a^ tes poseSlJlt 
%^^1^ hem. mniim^ to tba px^M.«ae of gomrnHm tan^im&i 
rigid %o^ geMia^ja, patfe fc^i^ioRi &%n^f Of ® ©ii^le a^peaatat 
tRi!*ictil©» l^wml g»apli4Q®l aM i^^lF^io^l i^tboSs ay© smilatol«r 
for ttii i£o^« 
lot t© im ojjtottsAw ^i^ml&^:$mt ^ m&ts^UE^ ^tfeoao tor tM 
&t mG&&nk digital, §«Kipat®rjp, Qm^l&n paHmt m^tm aotalsiea !a© 
lli^i^e ot an iiemiii^ ^ type fi^ oia ^fol^h aimloftleal ©lep s^i^ fm© 
atils«!i?^ j^5sa* f ti^ e® OQsatJient in aMltioa t$ mtM^ eoaSiti^as give 
tt|ye^„|3?c^^aiaaias» et<!«) baw es^ pfeiMsi^ t t^e t^ esiei'i^ al. wth^in 
tlie pMatl tm y^att tei^ ^^0!es4 ita %tm litem^um ^mlim «?ith 
fim ^s6. i?lllsKJit [9] !ibots@a that; tte ©qpation© of 
ooii0fc»alBt8 la ©QQlKSjals-gQ arc geissrall^ i:Kjaliaoa3p, f t50 ^s tgn 
I Ero i^eii pi*Al0a* f!sD ctsnelfaliit® iwr^ima wf® the Uai tg of 
iPtaoad asd Ba^ i [10] a^ l ioa a mrl^tloaal taetfeoa ttt 
i?l^ia Ijoai^ ttefdisgli fij^oifici plcMiGjr positions, 
fIjeitej |L|J a^gg©«i(«6a o e6spAte!r«©ia©a inQthofi for asoigmli^ 
toTO-^ar iUfei^ iBe ttefe a|^^»»iaaiO0 ^ fi««ilj?©d po0iti©a relalloa 
tj©iwi©n output Qma^# t^ m^teitim xm^ hmQf$, npm a t^mt ntrnt^ 
©ttsi^ eA f i t of the el i tes at a msabei? of poiat© aloisg tlie deslipsa 
Iplaimr linkage© witti QlS£-4ijnifes^ vls,, «i «mtt ItiUmg® ana two 
iSTOSJoiotts of tijo <5%0pl3©a^ a llfiifec^ foi* foiciotloii© goa^ratioa. 
' Sottttmair al^ olinimio tpallotta tQl&%im ^^ li^it ^i^n^^m aa4 
o 
0 
%M tupttt ana dutpat meoi&i €m^m wire €w«Jlop8d, Peistoa-^  
BapMoa mtfeoa of ifi^mtitsi mn ossfi for tto aus^ ipiieea 
eiilBtioim of tfeie ©at ©f ©^efttics®. 
©li^ltai^mis alg<^ fja4<j at^^feioae s!@lat|»t ^^ricms lisStage ]^«a-
imth'^ ti> f 1^  ^ii*^«i® 0f f©«i!»«^ ^ fttwtim i^aomti?^ linkages, 
%lm ^n%m^ m&. oMai^a 0«^ «p|oi? nnvm &t «t plom trnt'^^T chain 
a&slgiAi^ tjsehai3|.@ig -Pia sKattemtio^ p^*srsaaii^. fte application 
9 
f tasip-^ iar ^^aaotii^ gei^mt^r «wi a0i?tl©f©|,# BiAiimmtiQal proof 
aiBiag tm3»^er liaic£^es fea? Jf«iit!ti#ii© audi patfe© ^tnt^tipa 
it^imT %hjsm if^trior or et^vi^i* psmt^ tumti^n ) mn ees^tstea 
©aa» far tli0 c^tielsatioB #f tise eli|tstii«i feaalloii ttio Bai?ia©fi» 
l le t^r*f oi^ll *tlJM» oii© ksesm em mriQble si&lJrie taethod «.i3 
mim tiagodl eft complex ^ttooa ?^ omitrali^a ^p%^sdmtioi% utaSm «® 
0t»|ciotiw f«asti«s mml^pa^ fipos t^ pslosic^sdl pTG^ ®i?t4«se of t&e 
0©Bpl,®r siitWQ, f te prs^ iiiatsu© o4o t^?^ ^ oas reported to' fe© GOSTOI?-. 
0©iit f©r ais^  ^ t ©f i l i ^ l i ^ ooi3iaiti025a» Sife oosples asthma i© a 
tao&lfS«aisl6a of c©Qu0s^ l0l simplex tsetl^t* 
0 
aifset f^tf»fc ftthei &i B^i^/Mm&B wm nm^ fm %lm mm^^iMs^ 
mtu%i^m «f m^imm mt^^AwaM %%mti0mm 
pi?«js«#3»© is Isfiicmt and »t&l.i3S0 m ^mmM& smtjimt ©f i^ftlag 




' ^tmlMM ^ s m% tmm t t o i tte^e j ^ i & i ? ^ i ^ ©Iwsfoii wl«i««, 
i « that tlsi tfe^0 TO^^f df t l ^ f i t i l A t t ^ ^a^a t i^rlctel^ sbo«1.i 
tWM^^^^Mt IferliTftti^ QFtttlaiplg 0f 11^ l;|iift^#, 
t imMly @0i#o%@fl p5rsftiii« p^^tlm©* ttoit* «©tl^a i « tjassi ©» 
omputatloii sf ttei B I I I K ^ ^ ^ » pointis fdf f i ^ f in i te ly tepfa^feed 
'1 t j 
aimJ^tical 's^ tfeoS for iim p»eoi?3i©s flori'^atiw CtWla^ ^ of^ ey# 
I»0is.t«|^08ttr4tjj5 f^^ io t ioa t00li«siqtt0 4airsl.cij;j©4 W IMxi [4 ] , t h i n 
13 
^ t i i paim mMf iUi) p©liil«^atl g^mmtim ©oe^aifuitsa wi%h 
aotisst ©f mm m^m^ « ^ ^ ^ ii^ti* lij^'St Cli?| p^4£**^alfe 
«f tf?«? ^ar l ^ l t0# ffe© f t rs l ' tl^«©t pr^le?is ijepi tol imi fo r 
mp&wpmitiQn» f to© atnlliiaw' -^ fiitfea,^ © epntloiis of tto© fietsaAiiii^  
tWo© pi?^l0tsf mm mVm^ W &^pl^im ^^mi^nskMts mitmsioBX 
tMQim^qm fur i?ari«3.s liMm§^ pm^te>T&» 
^iiiifiif Sfli&m Rat mM. saM«>i*' [Sf ] ig^ pllteA & ii©w penalty 
plat^» «mi ^aftiai feiiftioR. g t»«^ l i ^ osthai^ast* !t»feli®mat|©al 
•3 
•1 ' 
aetof^i^a tfeu fi«rfe t«? iaitlE* fssofeauim iiati^iiag al l tm 
B i© «^i0r^4 tTtm ttes #0% ®wwir etf ttot fan* gsseawli 
«;^ gfei ttol tUito at© tw© 'SStfeM© o^ m^tlmi^BlJSg a liateage, 
& lot isf aa?^tii^ tf0st» tlie liskas©© pi?©dE«s©a "fej tfei© ft^ tfeot 
eye ©Iteii iXsoscept^t© in s^^ tfewostetiilios ©ceti ae longtte 
©f tfe© t i i toi l0c^tlm ©f tl^ pivot P«^ l«l09 igii m m. fte 
oBsl^feisA oatfeCiSs for ^atlsosisia^ tb© msimaieet tinted© 
^pifoaoli «aid ^m iKiaterteal ttoi^liw c§3pifoa©li» Stes elo^d tm& 
tm$m^m^$ tiss eloi^a foi?a ieli^icsi i© titijsi? Stipoesiljl.© to 
1^ 
aire©* o©i^ r©i ©f t l^ ^oai^ istatieacdl legtc'- tmd so ^psa toosrs 
tteit^ t ^ i ^ fetaliaifaos cao tMt mif iiMt^ tif of pueaisic© joints 
eas bd ooaeld^roS ®ia eay ©or* ^f ©Qiialltar a?iS imqeaUty 
, cQBolJi^ iat© uioilse impooad iiitlimit aqr 4ifficelt^« . 
4s ^^tatet ©at etafliti? Q«t>cr6aaliai astjcn^ of t?cji% tia® %0«» 
lasetmaiaa ttslug aoa-lln&ay pp<^ i»«3'alDi testmtqmi* mxmmvi tte 
tw©*a0<^ et#*<^ «€^ ©iig!i itako^d© ImB a&t bees glima 4tt0 atto^iou. 
T 
can l>e mWi'^^ in two aifftscnt m&&4 tn t te first oass aa 
el0ffl2if@ for im i^i^lM $0^H^» tn Ijotit tfeo eeese tto© leagl 
in 0mh 0Qf^* 
In this t®Kt til© m^m^ t^pmmh M^ isoea eomiiae»« foj? 
Fi«tclair*fos@U C^f) aetliodf alee lissom in© vaelca l^o siotrlo m«tbad» 
?©3? ioteisi!^ tlwj ©pttoil ©top le«stb in a ©©rtata aii?eotioB 
0f iatjff0is3Blt ^ ^ g©W©a c^^tioE sstliod ie um^« 
Tijs folto^s^*? tm type© of |®sa*i#iai9 te?^ Ise i^i eisiiigia©i?ea : 
l« Rigli fesdSF UtiiiaaoG ai a fas^tioa of two irayi^los, aua 
'-i 
A !"! 
\%m s^oto>ti®3 tiitfe fiW| niaa ana tlufirteta ^^soieion 
joints ana tteir 4li^««i0 tort a3.eo btea ^sam ^eoijaii^ly. 
p;BpMi£|,.s.pm..g.ip. 
e©»»i^ i?®a f r t i t » ^ f f i » i ^ l^ «l©tfi ©f ¥l#wt irls,,ktaeiittt;ie 
©imlfsie aafi i l ^s f t t le «^ lMt ls* umm.tij& mmtfBiw Is t ^ 
sisoteaira, MmwsMU spitht^© t t t ^ a®l©wiiiiation ©f a 
i i00toi l« tfe&t tee to f u l f i l 8fEtMs 8»ti9a a^oifie&tioBs, 
ttm &m^Mm. of «w liai^sca^ f 0 ^ a t ne^ain i?iQiiise!^at© lis 
^efea»iw«i eitli «ite ttofi t^m^-^mm&^t^mBAm are 
1 ii 
5, S^lesi? I pp&a^tim «f f ^ e t a©ti#i fur aaoill!^ 
C i l l ) f i ^^«^ t t i i t ^ s ^ & m &#^^m%iii f^ltl^motlM® f t 
i© a IS0IK3SG1 OHO aRi eey» l«5 *igsi to s^ rattejuis© a ia<iiis» 
eein?^ ^ i t i s mm pm<^%^» in i^asi^t to <ft^ t«^ tt aeitl^mtisaXlf 
m Ifliiti^ iodlg» i^ ci@fiEmo& 1 ^ tilt lim§ &m aami^oa 
r, • 
mstwm ^1^ €^3oeB&^ $tmu p^^ti^m tM%& 01m9 Unite 
&f # f l l ^ ^ $ i ^ t l i t iM f l i i l dseSffi f^oti^e l@ u^a itf%@ir ism^ 
a » tfcs ttem flaisJt fi^ !r«%o i;^3tfi s© A *^ Sj^ t 0^^ ©^  m& B^ 
ct«0 tto 0€«^ S«s Pt'n^Q ^  tlKJ C0elmfliia. f l ^ r IsM l^ odir «Mdfe 
i« %e |s@ giiiii^d tferswgto ^ ^ i f f o a i^nlticms i s sfets f^e f^i t© the 
t©Miai!3r liiiie i » %m in tl«j flgw!© i t i^^ i$mn nhmm t© to?® 
4» ij 
©j^ t eiii CiSi *t^ ?^©0lfl0at att«p|^ ^i^pkm^ista ^ tm iim^ 
let Oi t® 0« mpmi^nt %Ui w^tmd^ ^^Hm& ^ %im 
f%nM wsm^ ^^^ ^^^^ v^^% 0 ant imsrioit ^^mtnt mS 
O ^1 
a@ m im^%im «t ^ « ^ $ ^ t ailk ^ ana tim 01:1$^ ti70 
ia, m i4 i% S% 
§ 1 1 * • ^ #^ * * 2^ 0 *^ % © *^ a €r * 
l4% % i% i% ilTi f!>\ 
ir, % % i a t% 
ni^ li ^dii,ti^« xm tim XiM^ Im i^sti^^ turi^lt mgVa% u^ 
t^li? i s l t l ^ tooitiea©, tl^a tins 4^©f© looj» o l«^« ©toatiQao 
f#^ tli® Htll Ip^fitiOfl H^KQC) 
t ^ ^ h %«6*^> %fe^>^ % c / V ) •.41) 
®too«t l|j t» ti^ »lM^ if@ ti^«»t«<i^ m^m ^ tilt ii^ 
%m thirn^ M0$. I'dir .pi^ tl<^# a l# «pel ft i«. 
1-1 
l^pssmticai of m^ etad te2@i»sigr pearls ef t l^ c^ mfo e^uetloas 
-®l^  tsio ^-^fi^ (1-OO0 «| |)-^ dia ^jj-trgCl-^os 'On "^^ a ^^^ %^ 
^ ^ Ola 0j^}^E^a*^i^ W^^ ^^ n^}** ^ ***^ ^^  
•^t Sla ^J-{2g il'^tm'if^)^^ sift-if J « 0 
613 ©qiiatiime ag© oMaico^ for » * 2.j3,,.» ®,n, 
^a *'%»^ m* %» ®»* %* ^ *^**^  ^ » ^ '^^ ^^ ©atioi^ tho a>ew 
r, • 
H^M tioajr foOatoo at fiit^oKJftfe |;H>oil!ioaG aloacj'vitfe tm 
soXotii?o ai£©lo3otsjnto «if tfe0 points F afo tfes to<«m fiata. 
Ojjf 1?,^  sM t^) 03^ ttio tjalnie^ i?0!flofeloo« 
SaltlGUy tbo ti^moss -soricajloo QEO ccolgooa coos ijalco© 
''''^*4c*4n*«ia*4i*4n 
of ifigfoeioioa poiato, 
pM3HS23il23# Ao tte5 la lcOO o f J? OOTO tOOOraO S03P0, t t o 
tscS^tstotioa of D<iaG«(0) c^pjmaolios* Pet tm uiM^imd 
foKQ^ica n&E^ratioa of too vcseidtilOQ^ UMaa A^A oM G^C td l l 
l>6 t!!Sato^ GO $Mm^ liMm cma B^ B oiU feo tsBoatofl en output 
IKSCO liscm dioda ia tlto Pia»G, 
toiog tfes t«Jot!^ Bs^ofeimtJt tteD OQoatieu of ctocuifQ for 
tUD too Xeopo opo • 
% * % « ^ " « ^ % - f r % 
r . ' •. 
4-J 
Id peloF aotatieaat ttmw OQeatioao em bo OTittoa m t 
i t t l<k ieig % i % 
t te litffe0ljo refeGto^  tiii?o<£Sl* tm^^^ m^iinpi^ U£fe^>'» 
|fe(l$iP3fe lia1x-»a)t rijCfeii^ Fs^ ^ 1 ^ )• ^ ( ^ ^ ^ ^h Tf a 
{%%jm ®>» cat 0||^  teim.'JJS^ ISs^ BIS) jg^ ea teitioi pooittoaot 
* •»\ l t i I 
2^0 C^o ®^)*250 ^ ( o ***1^S^ ^Co -^4)+SgO *(0 ^ H ) 
\io^^^ )*%Ce^ *^4 >t^i^^%l h%iB^^Ki) 
la ©ojtoeifla tmxit Uqmm (,13) ocia tjo cspeossoa m 
• ••CH) 
e (Kg*i^ g)<«o@-^ 'ji*i slaTfjj«4H»'^'^-|)(oo8 pjj*l oia ^ - l ) 
^fe^ijia ITa^^ 0013 r^ -S^ )^ ...•(15) 
(s^aosTa-^^BiBrj.^ ^^ )*i(s^ i^atj^ -Hr^eDsra-^4 )*(K50oe©^*y^8l2^^^) 
2 I'l* 
o«o tijo imosai aoilEti mia tbo fomlalfls ^tsoatfitios (;&^§ai^^»^p 
I' lA 
ei ij 
fl§ f^0*9$ft ^nf Vn aafi ®a^  ^ ^ ^ ^ aaltmsott irisrtabl©©* 
^•4i^4s*4m'^C* 
foUoGOfif mmlf Co) aiKsot aooiaa c^tbod (b) c^lioQtioa 
of tsatbst^tlOGl |«?€^ »QS5ins tsoofaai^^o. lu tb© fofmrt a 
sot of eqetsfeloiis A© horned baead #a fiesiga oriterlG ajolatiiag 
bjr i?arlo»o cPGna to f iiifi tho ^cioa i^u^ciblcc* Sbis E^tbod 
io at>t! cmitct»lo if tbs rOQeitot m^iBn boo to caticf:^ eorfeaSii 
i^i^eallty ooautralato oj? tbo ntrfcor of TOriQblos (Jsooea 
beyoftS o oo^oitt llait* Oas cslteisjattw to tso aooiQB a tuoetoaiia 
tisln r^ tble sotbofi oM mo uhotboir tl© coastsraigite oxo setiofiod. 
If tboy ojo -^ loXotsa tbD iBslsa iw TQvit00. by t r i a l wid orro^, 
Ja sucb olfiosactoaoo© i t io cSTOiitaseoiie to aSopt imtbomtiocil 
p^t^rctnliis t©ehoiQaoc* S?bQ catbsg^tloal. ^pc r^c::23ia3 teobaiq^©. 
telco oara of al l ttm iasQiiQlity ojp c^ioolity ooii0ti?Qi»fee# 
f I:© t!^tlsisatioai progyag«8iiEg ®a© oslgiaottt iairiag vml& 
'b'b 
t l ' > 
0p©i?atiim8 foesGi?efc» ©ad ©i^lojaenog aeolga, DowlopKJRt 
of mj!!S>rioBo optiolsatioa tcelmi^et m^h m Uassor prcsoucs-
la jsoaboaiin mtdgn^ 2|io t^ jp t^ioo l^on of j3atl33t:!:it;ioQl |?rosm-
t33lag toefettl^ u00 to p«5t>loae of oDotealm aoelsa tim hoon 
pmmntQ^ in G i?3view a^|>oy tsy Foa G»I Qupto, l^o], f boy hov© 
l^<38tt«500S tteo QsmilE l^o toold o? optJlaiaafetoa ao Q^Uea to 
Qoo&MiicEi 6D0i|ia, tm to aeiQilif^cei^ t^ 1?&3 c^|ootiw foaotioa, 
tfeo aoflHi^isr pfos:e©3raiecs i s s^pofolly- cipijlLiea tjo i^toia m 
optl^^. o€^ii^im for t te ir«t^ feO0is ^ tto osofej^iei* 
A aoalima^ pjpcjS i^ai^ tes piffles oan jj^tetaatioally ^ 
Sut»|oot to 
«i«y 
ti < ?2 
1 
Ug -
For oa €l>3ootl'» ftasstioa i u ttie tjsjotoalcsi prt^lco qo 
oQipliien© fffcsi© i t lias teea totoisslo^a t© i m l o ^ t l ^ i r 8ol»tio» 
i n th© ^^ laa i t t fo t ioB prcssoQo, 
XnoQttQli% e0o#«ciii^0 Qor l>o 0ja linas loiistlie* p iw t 
looati<at0i E^esto© w l c e i ^ t m& mdQtosd&im m iwosoo of 
i i ^e t Qns otitpet oot i^ t , @to« 
^^ :K3l tooimiti^o asfo a^oilcajl© §X-^5] to soVm pj?«fel©Qe 
.^> 
r, I 
osioto tMeli 1B liQots owitefi tci edit prUUlom. A li^ief aofe© 
Co) 3Jltlioao of taiisiiikiins a iToBotion ia ttso dbcsnoo oT 
iso^u^iHsr cms 3(|iiaUtr t»<moti!til.a&o 
ffe0 tV&t^ two Q»o In geastol nee t o eolvo ttooongferaiBOfi 
G®ft cottife^ji»ft prc^loa© of GUT oft!^l^it2? xoop©etiwly. 
3«5«x 3iami»ifiteQi^iJ,iy^ 
noetJ ttoofalt t^ tfeoa© of oi«ios0fea!oliioa ijlakjiDabiQa foi? 
geaofol :&0aiotfioii® Q«O l»osoa i^poa a» elaggiafeoa^ itOKxtiiai 
g^op of tfea fo«@ 
Vl" \''%^i 
^tmm ^ i s aft »eM* it^mtet ^ ^ i ^ is a *i®w* ittfat©., f-
t9 a fiij?sdt.idji i^ r fjttp w^03r m& m^ I© « ©tag t i i^# f«i? 
geaoisal. ^aisittim^f f t %tmm ess- f#i» t ^ t e ^ ^ i s l i 4©^iwo 
c^i^ioa a® offootiw -i^ pirssoalai© tu tte© p^Mosa. Sht- f i r s t &f 
%\mm i© ^ a sjt'boa #f fo«©U ^leto ie©© not m%ukm tliat t ^ 
m a<* «?aJ.f# «f»ffiites^ »®*. Iteso tte f- %©gl® as tli© eosifaiUQte 
Biilt imrlia? t i ^ s FCL • SQ f^) c^ ©asii iiitp» Mtr.oi? 0110 ^nX<& 
egos ^ l«b l6 $Xm&%m tsm %M ^m^%m f tinl <^  tte <^l@ 
m& ii^lni&a in t te ^% of ^astili &ii!«ie%ime t@ %@ n^^ la tlm 
nest 0itp -Of mB^^m^^^t^ mme&lmw $M: lie» «f ISHS© #f tb© 
e<ias?0fgtj08® tslj®0 flaa<&t ifeteti f«y tmtisj>t.lo fte^ti«ai» So ia 
a f in i te la^^l? t f @I^B. f M t pi?Qpty|f i® talt#a tec^ aapcsli©' 
^n 
sasafiioj^ tQotet%m> l0€0 t^>©a W VQtQ\mT m^ t^Q-miSm ^»© 
%y Qn\pl0fim a »«®efec^ » oooa8io«ally« ^tm ro^ixire^at of the 
Gg^hoi f02» t&S' aQrivatlisj© # / ^ 1 ie ©oasthio^ <^  a pesdlty 
thtxt iQ to t»0 pGta t&t It© ot^ uiloRcgr 0^ oUbotasfe «i3il©so tlmm 
pmtcirm& cwsr tlio c^tliod of ?o^H* It hm Ijeoja ot)soi*9s4 that 
ts^^ of tlao f8fisl!ioii0 involLwS in ©so^aalsis (molyaie osn easily 
im a (ps^t^ Si&7m^f^ im ms^miim op^ i£Si8.a*-ioii» Fiai^t aiffoeeao© 
acriim^toa haw ^eo Mea s^a ®it|i enootss is oos© aiffiottlt 
yL ^ *mt 'iiii>iBwti>ii!.ijiini]»iiiS»iii«»i8iiiw 
^. 
QM «U • © ^ • 
'^ i j 
' ^ 1 ^i 
2hio pi?op3rty i© BDcspoDcdPbio for tli0 Qtiroi:^  oomroi^ Gnoo ef 
%ho t33tfeod, & foetai?!? g^catogy io also ecastliaQe sieofla oitli 
OQ O e | Qua tfeic i© tto oriKJtGl step tjoomicx? i t 0!io«i?eo 
ooiworaoneo ttist ttes oottood cad oaeecr© I t t oornmrco t© a 
Qlflioim ^oiat leather tlias a cKssiau© 0r a saSalo polat* 2f the 
EQeoian f Jo aot^ooitiw ^ f i n i t e ct GCCKJ poi^o in tfeo 
«?|)C00» « | C ^ t>0 BDSGti^ l»Ot t&arO tjiU ttOWOll^ %& 003© 
ia|ipo«cjmao* Ths m|oi? tieafiTOBtaso of tins mtlioa ic tbs asoa 
SOOOU0O tho uasoaiji^rDimd tsinit^istsliiosi !3&tlioa0 dooorl^oa 
sbmo ciad other© cac ^ I t fis^lopod ana lolia&lo, tfeec© €a?o 
«jt^a ia B0S9 ©ay fo» 0©1.^ iflS tho oojicifci?aliK3a pr^blQtm, ^bs 
of ttos p «^lbl6Q 0© timt tb;9 oofifitraiiifee tsso mttm^io^lly 
sgtiisflioa, In tlio o&iid ef tlio equ^ait^ ooostraiR^Of i t i e 
9O{3oil»l0 to ©lioinato m^ictil©© t>y colviag t t e oonstraiwtse 
G^t ioi t ly , Pop iuo^ttOli^jr oooufcrainto o etjaogo of VQrio!l>l© 
t^ l l vG&s. ao» 0R<I ttfe©», A e©-«alloa poi«i.t3r feiaolion cKJtlma 
nasonstraiaDa mifOMmtlm ID -ucoa fer tMo,^ «i£|}Oe©. flis tm 
iii-j 
an^ 
for Ogf r is lostoaiss^. 
2|S2) foi?tSJr lo oclloa t^ a infeorior paosjlty ^oaofeiea t^ eoaoeo 
0| o»f# i3Cj aialiaisoa in the •ialesior* of ^4 i o» A iofuoaco 
of oittteaa c^ ip^osctel):^  tb^ oo^tsoioDJl optimm aso <^ii&im&^ 
?&io t^^oa in oalloS tho ©D^ izondc of tmeoiigtTaii^a dloltsimticm 
SoohalQC© (Sirtf >• Vtm O2* ^ ^ Qltt2tem'3t io s©o0fal, i© otxtcslS© 
of II4 i 0 Old i t i@ oalloa ^ (is:1?6:^ 0i^  l»c»mlt^  fmiotit^. 
2110 preo©6»isJ i0 to |>ifl& ft roQsoadbl© v^m fof » | 
Qiaiaii^ 01 Qtmm^ w t m$. oiafcaioi # t^oUst oto, fli© proooce 
i@ os r^siod tm^ m^miB^IMl^ mo that t{B ts^ laiooo for om o^lo 
son %o ttf^a a0 «k 0tai*tisig puiu^ for t l^ ssst oisixsieaifeioii, &B 
'J: sJ 
IS i s zmTm&}mB i t0 oltiaatc valxm^ t^ bs ^-^tm^tion become 
iosfOGHiiidly aiffli^ttJ to taiaiQl®^ Slma ia t>3^ ef i t oim bt 
0aM **^^  thoijo ato tvm tgrp5Q of j^aalCjr faaotloa aothoa© 
4»o»t *fe5 istorAer poaolty fmm%io& csottooa oa^ tho osttcrsojp 
pDiBlty fttiisllaii iiP%lioa» Xa l>ot& tljo eJtfeMSf t te eoacsfcisiluQa 
pisofeloci io ti?aiJs0ofa)3a into a tjoq^ smco of ttao«i0Si?ali)»6 taini* 
taitsatioa px^lco© mnh ttot ttto ooiasti^coa alzilsasj oaa l»o 
obti34is0a W mlvim t^o 0D^&oi3Q© of t2»Qoos%i?aiE&a oliij^satioa 
la tlm isfeoHw pefiiilt^ fuaotioa c©tlioao# the ssgesatsj <^ 
ci«j©a(5^ iKMJ30a atolm Hio 4© t te foasiljle vogion mm timti i t 
o^ asmfjjog to tho ooae^saissft taiaim® from t^ SMorior GS t\m 
foasilslo j0sios« la tfe5 estertia? s^ttejfiet tfeo ©aqaeaoe of 
isacoadsj^asa ssiaiiaa lio ia tisa iafoasiblo tosloa oaa ooayofgoe 
to tb0 a©isii!©6 eolwtloa tto^ t\m ^tQtiim of tlsD f^eaeXfeio 
Ht^amr* thaw m?0 ^m mm si0t!!oil.0 of laoloaii^ m^t^i^j 
ooac^^Qiate tjltli i^ ssaaltgr fii^tioa mtltofict 1>«t thopc ofm a 
mjdiQi? ^ aiffioults^e ia aoiag m# 
'•..- i -
A$ pointed out OQrliaff tho eoupoh of tho minlmxm ie 
porforsoa W dotcmlaia,'! at oaoh otep tfco i^tjlsn -rootor : 
v^m ?» defiftort tbo eoarch ais«otloa ana 6« i© tl© imXtto 
of tlio ooofficloat & ti^iob alalmlsso^ tbs ftiaotloQ FCIL^^S )^, 
rtso valtj© of f io ietersaiaod bi* tlio olgorltte tntroSaooa 1>y 
itovldoa> ana aoSlfisd t>y Fletoher aad P0!::3l1., dtxiah i s 
partloclarly offloieat .for nan ^mmz ptohl^mn aiia saintalsss 
i t s roliobllity also oitfe rolcifeit'ely poor l a i t l a l guogtsoo, 
f!ii0 cKithod xma originally oofteldcroa to tie a ifojrldbl© laotrto 
isotliofl by Ba i^fioii* It can bo thountit of as a qnasi-Soijtoa 
aotljoa Gnd 0lm as a oonjasato gradioat tsofchod, Thii* sjothofi 
i s trery potn s^rfol aaa oom?omos goadamtioally (elneo i t ie a 
eoa^ogaso gitidi<»Bfe c^thoa). It ie wxf sta&le aaa ooatiiauous 
to pri^srooB totfardc tfeo oiaitaua oi?oa dhilo niiuitaicla*! hi^ jtOy 
flictortod caa ooooatsjic ft3j! t^i<m. 
f ho valee of fi** in oapisjosioii lacvy I&G dotemiaod by lao i^G 
v: w 
of vmimn tmtmiqmD [3t] of mttomt^ t^pemiwxttotif in 
tfeo pre-^ftt wofte sol^a &&%lfM m%h0€ of om ^ iimuBinndl 
sniaitaiac^ioii ii? w^4 to aGt©«i.i30 t&l© {&*) opt 1ml step 
lei^fe lift a mrtaiu &$mo%im of sim?mat, 
i«Qtiito-0 tte3 aot0ft5iaiitii»i ©f tte> e«^lsat of fucotioa at 
esob itdB5.tiott ©f optiaioattoa, flie msi'mtivm of tte 
obSoetit© feuQtioft ^i%h T^tipmt to ttes i©olga i73.ri«il>l®0t 
majr lio oaloalalcd s?itftt .Qualytloollf oi» au^rioall^, fbo' 
aaalftioal a f^roaofei owsa t t^n l r l^ o. l a j ^ r a j^oaat ©f 
pfoUtaiisaff Batteaatiooil ©03?&t ^lom a moso i^ apia eoiwor* 
geaott is ai»p@ isliutelo ma l^m tise o©flot:siii^ » fto nttsjsrloai 
appw-aofe, tiofi^wri in mom eulfectrXe for t!u ©stoa««ioo to 
srof© o c ^ l ^ ^ntliosio pritolos for t^doti ttm mm^ftinut 
&ltfQmw^i&tim oouia booo^ p?elilMt4w» App^adts A ©IKKIS 
all ttm mtiv^i'^m ca>tal®a &I' fcoliig tlio geasi!^ gietliod 
of psfffclQl. €iffoi?©afeialJ4oa0 for %©tli r%ia boSf gBiaaaao 
aiid foaolicQ ipaoi»at4^. 
PM^Wi^A 
boon fe»aolQt0d to B^thoma oovssa-Xiofe tico-aof5ro©-«f-
f»O0doa plama? liafciaQo fop ^oth f^eo ?i,sia feoay cuiacaiDo 
ana bliRirlats fiiootlon soaojatloa* Sis cEcaplco tow bectt 
(to ipisifi b»65r suifiauss© OIKJ Gsa'^ plio for fiiro prsolcloa 
points oafi ttno for nlno prooieloo poiafco have boas illuotratod, 
Oil fija^tton geaaratios tiaeocs osci^ l0c5 for fitro# aln© cma 
thirteoG psooloioft poioto hmm boes illGOtrotoa, t^ie aafca 
f w ^ts f ispot oaa ttoD loot m.v£^%^B ^m t&m ta&cin frm 
Ktobli erne SoBl [27]. 
ffao oonpator pro f^cuaaeo tic^ ire bocja fosmilatoS for botb 
TIQM bo6y siiMoflco and fuaotlo® (2oaDi?a61oa GO Qimn. ia 
Apponais 0» B3LG !32thoa GUEji^ ootoa oGtilor io ao^ooBtrntod 
'± 'i 
tbroesb t\so ft>l\&a%m tam^^Xo^^ !:^ mmk\%o of ell tfcoeo 
SiTOfl la ri0.5 foff fii?G ^ooi^ lon© of ^ riijia IJO^ QG a 
fiaaotioo of ttsro variables^ c^ (md {|j, a » t»3f»,«95« t?ho 
Pat^ of P ^©c^feod IJ^H^ CD tfsmt (2) Higia boay 






































ttm rioifi t)Oi|F CU16ES»O C'^ lQo eootiao 2,3 )# £^ U 2^0 mluoo of 
diff©2oat mrisstolo© ttfio ooaoiaotea ^tfe sjoepoct to tbo fiimt 
poc5Atioft» fo mtso tbo datG r^scoeyc^ l© f^ tw :peoltioa I , ths 
i U 
of tho ^Irot pooisloa frca %lio totspmtlvo tertao of tho 
irariouo ponitiono m sivoo la tliG tsi&lo bolosr. 
^ ^© % %• % 
•^,91 ?»io ao.o i5»o 12,0 
W15,CX) 10,00 55,0 25,0 24.0 
*25,00 ? a o 45.0 40.0 50*0 
-30.00 O.'Xi 60^0 ?5»0 4©*0 
tjbaifo Q « lf2»3 an^ 4 osS a « 2t5i4 ocia 5* 
A© polafe>a out ia omtim a»3» oao bao to Gotjo^ ao as 
ttws oaslce ^t v aii^ t iif?olV0a la B<|QO»(8)* fkj GS«2C^1O boiiQ 
a fives pfGoloion poiat probloa, four valoQo of t^o aasloo 
0t -If csad T GK> Go?«uQGfi for o^l tb© ooacoeuti^ positloiso 
t?itti ^q^c^t to tto j^ooitioa I* fhito tho oocurioa valcoo of 
the lial: loQS^o oM aogloo for tMo ©xcisipl© nso oo cjivoa 
l^ olo^ sr t 
••.'J 
s 40,00 50*00 -30,00 lO.OD 40.00 -35.00 5,(^ 30,00 
y 60,00 10,00 10,00 55.00 20,00 l5,0Ci 40,00 30,00 
(>jj 4,0 4.0 4.0 4,0 
Tfjl 2,0 2,0 2,0 2,0 
Tjj lO.O 10,0 lO.O 10,0 
r;b0i?o 0 « 2t3» 4 aofi $ . Ihio oaobasilen if* obooa io l?i0,7, 
Obvlouslyi thlo «t©ol:©aica dooo not aatlsfy tho Sqao, (8) 
ana tliuo tboit? oxicto an otror in eaoh otiuatloa, Tho Initi/al 
vaXoo of tho otfjootlvo funotl<m, P, lo fouM to %o 27216,5 
by ooaoidorins tbosso owors . tfo^ r tlio ob^eotivo funotloo io 
tiiniciico^ by asti© aonlimor pro^rcsnias,* £o tfio imlooe of F 
toad to?Kira0 Goro, tho m^i^mtlm of B<JQO, (8> oppj^oaobao, 
1S30 taloltaisoA objcotlvo fuootloa thiao obtatma io 0,0214 
oljioti c^ppoitimtoly caticflos Bqao,(8), Kioroforo, tho Qosroo« 
pooaii^ -^luoo of ^10 uatoosa variable e a t i n g i a s Eqne, (8) 
yioM an optiaicj o^ntliooio of tho lialisgo so l io tca boloc? : 
K 31.07 24.27 •IS.IO 17.67 6.18 -17.11 35.53 -3.55 
y -21.95 4 5 , ^ -30.74 -9.13 45.24 26.51 26,87 66.23 
0 ^ - 5 . 8 -5.5 - 7 . 6 - 1 7 . 9 
1^^-20,1 -37.0 -35.2 -11.9 
fjjSe.S 67.3 ^ . 1 97.1 
t/y 
positlono of ttio dools?oa/ootoal poioto to nhtim in l?io#©, 
fh© coospfiliia^o of tbe vorSoco pooltiooe of tSJo otoupler 
point P (i0eii?ea and iioti^al) l ^ a tbo fiieet pooitl(»i awj 
as 0iifea ^oXfm 
inii«>iw<ii>iiiniii«wiiiiiiii'miii<mii»'ii»iiiiwiiimnii>i<iii» iiniiiwintniiwiiiiiniiwiiiiiiwwiwi 
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flKS dilf fbKJueo l>©t^ oda fiooirod oud laotool position iu 
00 caall tHat i t oon aot ©ocsftl^  tj© li^ioatei oo a ftill ©io© 
gfas^h. S?i3o cSj^ ootivo fuaotion ocr furtfeoip t>o ainit^ jisefi if 
tioro os«2s>titor time i© pcufiaioijifelo oo tlie oouTOi^ oaoo of tli© 
fiiHotim lJoo«feoo t^ ofsr slocr. Ho^voi?, Mgtoi? cioess^y of 
csatiofoietioo of Btno,(8) io aot of m&% ^sisQ&UQdk um mim 
to tto 63311 ^UfBtome hcitmon mo ^tsim& am mtml 
in t?ls.5 eoff aiiso pmiUom of a rlsiS hm m o ftmotloa of 
too va l^at>lo9 8^ ar^ p^, n « l ,2 ,* .o9. fbo ^oalso data are 
given OG tjolo^ • 
PatH of I* aoeorifeea toat Iigot nisia boSy 













































































































li^oro n » l»'"t8 ana » «» 2f3«.».» 9. 
f&o initicO^ aeoisa loolo^iag lluft l^ sugHis ana tho oagloBt 
i.G.f Sjt r^t..** «0» yQt 'J^ u* '4»|i €«^ tjj cril*i yoopoot to t!i9 
f irs t pooltloa aso Q0^C»S O© sl^oa bolo^, l&o Initial fiooiga 
io ri'CT GO osBCQoa la provlooG oscDpXo aaa ohotm la Pig.?. 
S 40.D0 50.OD -30.00 10,00 40.00 -^^.O^ 5,00 50*00 
7 60,00 10.00 10*00 59»00 20,00 If.OO 40.W 50,00 
Ojj 0 3 M 1 3 2*0 2.5 3*0 5 3 4.0 
Iff, -^ ,0 «4.0 •-S.O »dQ,0 «»10,0 «»I,2.0 ••14.0 -1,6.0 
Tjj lO.O 1*1.0 20.0 a . O ^0.0 35.0 4^,0 60.0 
b^kO!?o a « 2»5f..«f9, 
s S,50 ^ . t ? *5*S9 §1.54 - ^ t . f ? - l ? . a 6.60 • i s . l f 
Sr *6.a4 *lf . B i .?4 *2^.05 - 0.9t S5.S4 0.25 44.25 
On t . 9 19.5 28.1 34.6 40.0 43.3 48.3 40.1 
Vo -5.0 -9 .0 - U . ? *20.0 - l ? . ! *15.l -14.4 -M.S 
r« 9.7 18.5 a . 3 31.2 36.4 40.9 4?.6 50.0 
'o 
a o oo0raii»tocj of ttoB vwiotto pooJltlLono of fetio ooeglor 
t f 
1fesiU»e6i /.otual Deciiyea Aotuad 
- 2,00 
• 6#9l 






- 6 . 7 ? 
-IU94 


















-54*00 -33*99 0*C0 0.(B 
p&Bi%itnm GS GOtual/fiaolroa poiatsc io illLaetrstoa in Via3* 
1!tm dif feuoBSo bettinica m^a deoirM csna otstual posit?ioa lo 
so mp3^l tiKiij i t can not 1>o otisilf isflioatoi on a f liU else 
ges^h* 
Ultfon itt Pig^i ^or Qtao pooitiono ot a ri^id tjoSF as ^ fuoatioa 
of %x^ ftiiplabl0o Qjj ooa Pjjt n » If2t#. . t9 . fte acolGR data 
aKs pi^^ntea b©l<Ki ia tito tabular fora, 
j?atfe of P dooli?od li^ut (I) Ir^ttt (S) Rigta Ijody 
tQT ooorajUiateo in aog„ la aog, rotation 
in aog» 
^op l t ion K t « p 0 
0 
2 -XO.OO *4»CS) 8,0 15#0 0,0 
3 -SO^OO -4.00 i5*0 22.0 10.0 
4 -30.00 •l.OO 20.0 50»0 X5.0 
5 *40,00 g.OO 50»0 38,0 20.0 
6 -50.00 3.00 33.0 45,0 25.0 
7 *eo.OO 0.00 40,0 53.0 30.0 
8 ^tO.OD <4.00 45*0 64.0 35.0 
9 --80.00 *U.OO 60.0 72.0 4o,0 










^ \ ®a ^a ®a 
-tO^OO * 4.00 8.0 B , 0 5»0 
^ 0 , 0 0 m 4,00 IS.O 22»0 10,0 
•30,00 m 1,00 20«0 10,0 l f , 0 
-40,00 - 2»00 50,00 5®»0 SC>,0 
-SO.OO -3*0n 55,0 4S,0 25,0 
-60,00 0,CSO 4^,0 55,0 30«0 
-tO,00 • 4-»00 45»^ 64#0 55^0 
-80,05 -44»03 60,0 72,0 ^O^^i 
^liiistiea ars a© follows j ffeuo c^ciittt ttm Uafe X©ffitfee ef 
n 40,00 50,00 -50,00 10.00 40,00 - S S . ^ 5.00 30.00 
y 60.00 10.00 XO.OO 95.00 20,00 15.00 40.00 5C>.00 
Ojj -^ O.S -i.O -1.5 -2.0 -S.5 -3,0 -^3.5 -^,.0 
% -2.0 *4.0 -6,0 -»S,0 -lO.O -IS.O -14.0 -16.0 
X^ lO.O 15.0 ao.O 25.0 30.0 55.^ 45.0 60.0 
F U791.7 
fh0 tsintoisotioa of tfeo tfb^ootiim fuaotisa yiciao 2.139. 
2 -«6.3a 43.01 -4.35 - ^ . 1 0 Z%m -47.45 *»ia.27 88.72 
y 27.12 4.04 17.30 27.44 -^.36 3.74 U.28 72.62 
0^ -9.8 -13.S -14,6 -^.5 -10.2 -15.1 -20,2 -23.7 
^a 5.9 8.5 6.9 3.3 1.4 2.5 4.4 12.9 
\ 6.6 10,4 12.2 13.1 14.7 18.2 21.8 28.4 
^He eooi^intos of ttm im3?ieoo peoitlsno of tbo omiplor 
polntr P (aoGiTOS ciaa cotiual) frso thQ ftst5t pooltsioii as<o m 




-10.00 , -10^3 
•30*00 
I •40*00 
j *$0.00 i - 4 9 . ^ 
! 
I -SO* 00 ; •59.89' 
•»7o»oo -70,40 
^m^oo -79«B 
-4,00 -3*00 j 
j 




-4*0-> - 5 . ^ 
*»I4.00 *IS*97 
*Bo necfecmics aloegi^ltli fchcj graph ^owlnc tho vaiioao 
pooltiooS of oetual/o^oirea potato io illoistratoa ia Fig.lO. 
Hero OI0O tHe aifforonoo tiotc?oon tho d©0ii?ed Goa oetuol poeitloa 
to m Goall tliat Ife con aot bo ©aolly tsaioatoS <Ki a full ©la® 
in P||i,6 for ftiaotloa ©eaofatlqa of toe* varli&loo fiijj ai^ Pj^ » 
n « l i2t , ,««5, 1?lK! QsBisn opoolflcafelosD DI*O an siyeabalot? : 
















for ricAfi 1>ofly guldtiaoo, 1Ssoi?o le not cmoh ^ifforecae Uotocea 
tho BOltttitKi of thio os2:^l0 ana ISioes of provioao excc^leo. 
la ^^G OGco tho aasXoo of rotationo of ttaa tteoo llftfes (too 
lii^et liafeo end ORS oRtjmt) cjss> giiron cnS a wjehaalca io So be 
fiooisiaoa mieti ttot It fulfils tb© aestesS ooaaiftitms. 
Ao in tbo pwvitme oamBt licro olto, a l l tbo taoasusKSJOtso 
ay© to bo cDdo f^cn flyot pooltioa^ Ooacogc^atly ^o traoDfoiooQ 











* ^ , 913610 
•77.231030 
-72.255460 
Ap aicQuocca lo oeetioa 2,4f for tiso cyothccio o? si@3teiBirae 
tlsa oioSaiQa? jpffoooauso QS ia tSi© pro^lottP OEsaploo, on in i t ia l 
aeslstt of QQcbonltsa iM ooco'^ea. IJtie iaitiol. QOOC?!©^ aacfeaaiea 
Gloagaitfe tho oowpesjjooaias tral^ of l^e oti^ootivo foBOtloa 
QTO Sivoa tjolot?. Po3»li ciiipo tiiis csjobcmiCT. 
E 40.00 50.00 •10.00 10.00 20.00 -35.00 5*00 
y 60.00 10,00 30.00 55,00 40,00 15.00 40»(X) 
Og^  2.0 4,0 6.0 8.0 
•ifft -2.0 -3*0 -4.0 -5.0 
0^ 5.0 10.0 15.0 20.0 
I? 15483*8 
kl 
O'liotts a « 2f3#4 and 5» 
fho nlni'3l0oa ste^ooti^ fumtion aoa too optlooa 
doeistt of tSao iiKsobaQlco cms licfeoa bolo:? 5 
a 44.42 47.50 -fi»86 0.50 44.8? -37.49 14.82 
y 54,40 -.^.SS 0.94 81.85 66,05 30,05 51.55 
0^ 25.1 26.5 22.2 26.4 
Wr 60.0 8.9 4.2 4.6 
0^ 58.6 - l . l 67,5 5.5 
f 0.0267 
the vQOlmniaa ttmn ebtoiaea fulfils th© dooij^ od fuaatioa 
to a iRjEy oloco ap^yoslaatlott a© o^iaoat fifo^ n tbo table, gives 
boloi:?. I t ahono tlis OBCIIGO !sFav©ro©4 fro^ tlio f i rot poclUoo, 
Itesiroa Output Afuile Mtial Otafc)9ui Aiiille 











eoqpntior tlQ© io poi?aiodlblo ©e tho coisroffsemo of t^o ftostioa 
hoaomo VQT^ oloty, KO530i(rori liliJhei? Bmwmof of oatiofoctioQ of 
13qao»(l6) io not of ouoli p»3ctlool coo oslc j^ to tti© emll 
aiffoffDoe© l)ott3oon ttej atoisrad ona oetuaX oiatpot maVos* 
Ei;ai^ T,Q 5# Sjmtljosis© a mTOn-»Uiik mohaaitsa of tho y^p© giirm 
ia Pis»<> ^op ^ucctiott (paoKitiioo of tuo ireiriobloo a^ cat 0^| 







































































Tho ci80ii3^a aoGl^a oloagcjitli t&o coKs-oopondios ofe^etl^e 
funetlon Qfo oo !J©1<K7» ^JO aeoleo i s SQSKJ G© ocajosa la tlia 
proirioao ©s2J3i?lo» 
e^. 
s 40.00 50.00 -10.08 ?,0.03 -ni.OO *35.00 5,00 
y €0.00 10.00 30,00 §5*00 40.00 15*00 40.00 
Ojj 2.0 4*0 6.0 8.0 r . O 12.0 14,00 16.0 
Tfa -2*0 -5.0 -4*0 -5.0 -6.0 -7.0 -8.0 -9*0 
0 . 5.0 10.0 15.0 20,0 25*0 50.0 35*0 40.0 
f 280S6.4 
t!b&m n *> 2t5f«**» 9* 
fto oiatolcatAon of tho «:9>3©oti9t) fumstioa ylcjia© 0.66a. 
fh© opfcia»£s orotJlJeoie of GGohaalt© thus o^ifcali^ XB as oaaor; 
s 5131 53*70 - l .4 t 1 5 . ^ 60*14 -0.45 45.94 
f 15*84 - 4 8 . ^ 7*51 16.93 55,9Q t l .90 22.14 
<>a 5*6 0.1 8*9 9.3 8*9 ?.2 6»0 0,4 
Ytt ll.O 5*8 *«6*5 14*2 -14.0 -19*9 -27*0 -57*0 
% •^•^ ^•^ ^*^ ^ '^ " '^^  ^ '^ ^ - ^ ®^*^ 
^blo t ci'^n Ixjlowt 8fcow0 ths ooc^jarlooa of tfe© doolroa 
oad Qoteal ooSput caisloo for tfeo TOI»IOII0 pooltloa© manufoJblo 
*; 




Aoteal o«tp»t ingles 










































































% r. n 
-58^0^f8g0 *W*60S020 
•53.1©02O ~88« 9X3610 
*a9,tl9430 
•4a,gg3t30 

















s 40,00 50,00 •lo.oo 10*00 ao.oo -35.00 5.00 
y 60.00 10.00 50,00 55,00 40.00 15.00 <^ 0.00 
^ns 2.0 5.0 4.0 5.0 6.0 7.0 8.0 9.0 lO.O U.O 13.0 14.0 
^ -a.o --5.0 «4.o -a.o -e.o «7.o -e.o -.9.0 *4o.o -42.0 «.i5,o -44.0 
0_ 2.0 4.0 6.0 8.0 10.0 13.0 14.0 16,0 10.0 20.0 22.0 24,0 
mm 
F 3t622,7 
1^ 0 oialmlsed ijfejcoljiiro fuootloa ooe tto eptlEMa G^nlm 
of tao ©ocliaaiisa aj?9 lioted bcl«» ; 
s 17,10 85.28 0,70 6,59 28.65 ^ . 4 5 T.93 
J -0,09-18.64 2,58 2.79 25.94 28.15 8*87 
Oj3^  2.9 4.7 4,8 1.1 4.8 3,5 5,4 5.5 5,5 7.3 12.4 15.9 
i^ jj 17.5 14,8 11,6 14.6 7,7 5.6 5,8 1.6 -2.5 *6,0*10.6-.15.5 
0^ -0,6 2,8 4,9 5,5 10,7 12,5 U.6 17,5 22.5 24,9 27*1 61,2 
V 0.977, 
^ ^ tt^lOfgivtJQ tjolocTt eliosro a ooaparisOa tjcrtwsn the 
r •. 
dooifisa aoa c^tual cmtput aogloo £oi? variouG pooitioias 
QoaeBj?dbl© froa tto f irs t pooition, Ao ovMoatf t l^ oowee-
pottdlm TOluoG QTO qoito eloeo to tocli otber. 


























l?iG*X4 I.Uu0tm^o tMs oootoaiiisa. 
ffe) procoot Ksosk propoe©© oa altowjatltre oj^ proaob to 
eyatliooiso eoffoa-lln& too-4GSioo-ef-fi?©©doa plami? liatocQS 
for ( i ) r i g l i t>oay euiaaiie© mn a fiifietioa a? tao vaiiiitjlQe 
Gaa (11) tJlTOfflrto t^tiQotioo ©SQsration, 
^ !30tti0a i s olc^OE?atoa cAfch sis 0EQ:!^1OD# i^© fteefe 
tbrae ©seaples eovor tho essyntheoio of csobfiaioas for rJ^id 
t)oay so^^QOo for flvo Ema Qiao prcolslon polato» w^lo tlio 
rooaifllns tlw?©© ecEGi^ leo a©al oltb tfc0 biVGricto fiiJ»tioa 
gonojmtloo for fivof Bias caa fchirtfeoa audbor of pi?soioi<ai 
poiafeo, ?lso rO£Ri>' ^tssoatod OI1O0 tfeat; cothofi ooatrercoo 
fro-g olooot ear iaitsiiaJ. floolsa* Tb© o^liaoti^'o fuaotloa la ©aoh 
OGoo ms^ f csrtJies? tio tDialolisGa if aos?^  ooopotcr tic® lo penaiod'OXo 
ae t l^ oowoisonoo of ^ 0 foaotioa Ijeooaoct ^ory olosr* Eosfowrt 
hSijhor aeouracy of catiefcctloa of Bqas» (8) aaa (1$) io aot 
of offiofe pcoetioal aeo mrfjao to tlio esoll fiifforonoo tiotvjooa 
ttio aeairod oad aotaat pooitioao. Aaotfesr afiroatac© of ao»» 
llaoQ^ piposi?aE33las tcwbaiQco io t tot oagr oaii^r of luQ^uaXity 
eoaetmlatcj caa be In^osofi on tha dtslga wliioli oca b© 
fha "TSJlJliod e&a aloo bo ucsofi cfeon ^©J^ CSPQ mmh teapot tsm^or 
oS psoeioioa polato. ftm oot^utor j»3pogfcsEj0o tor ttbs osEajjjlos 
tovo bocm ao^lopofl oaa oas of tboss coiits ie civoa ia Appeals B, 
liliO lotl^ od oon b© 0Qoi3^ goacraXleotd in t3oo$»o tm^ cs^pll-
oGtlofls oEtooflefi to othor cicpQOte of idmssstio oyotboolc moh 
m ^S i^fi bo4y suMoiiD© ooordiuGtsa 0lth polttt patiip poiiae path 
^aaoraticai ooopdleatoia with aotloas of co© otatpyt oad too ir^at 
li£to» eiaa poiat; path EonoiKitloa JiB a tamtion of tno wiridbloe 
coBt^lled by too ii^^St oto. 
I , mttQi&mTgf t»s*# t%m mm^i%$*9 ^mmmUa %atfeooio 
*^ e atom lEllt ?few foj?!j| l%9« 
3» Hall, A*S», •• iia;^Eatisi tm& Mifsa.^ Beaiga'*, Suit 
8, fiTQuaomtelat ^*# ^»fi Sooaort CJ,!i,t'* S3m5b©4© of i^tli 
OdBotmittto *% iloeimal of Eugiao^fliii! for laiaotsy, 
flaffi) t^sclH^siii^ o for fligifi B0# %t^ otKS<j • •» ^mrml of 
m0too©rSii@ f03? I M t i G ^ i fraas» l i rS f serito S, ?ol.,9lf 
of Ci^iai3oriiig f<jr la^uo^'i^t ^aii©# i iS'^, '5oi?i©.0 Si 
W, Cbsni r . t , , em& Chan, V.L,, »• BiaiDasional f^ rc'itsQoio 
of ^^achanica© for Ptauctlon Ooaoyation Coiog 'Sis?Qi>apdt*s 
1h?imo» ASI, Serios B, Vol,96, Ho,l, Fa^-I974,ppa3l-X37. 
15. XJochio A, J*s*» A aolasatlon and Sraaiont Cotribir^tlon 
AppUod to Co^utor Simulation of Plaao Four-®ar Chain's 
JoujKaal of Bnsiaoopii^ for InaHotiy, ^i^ine, Asri2, Setioo B, 
16, Alisaa©« R. 2,f Ho'srsfajsboteo^ t l,<J,f oafi Scmaor, O.H,, 
Optimisation of Four-Bar Punosioa Ocnsrating "fecbanismo 
Usics ]?oi^lty Puiiotioas cdtb lasquslity and B^uaUty 
Conotrainte * •, 'Tcohanism oad tiachino 'Shoorsr* Vol, 10, 
X975f pp. 527-.55^. 
17« MOiacinto, ! , , Ouj, G,, and Piva,, R»»»* Optl^ial lanotagitic 
Syntfeoois of a POL'T-BQP lintego fo^ Puc^tiooa and Patbo 
OensiratiOR'% Pyoe, of V Jorld OonsrosD on fheory of 
i!ooMa©e and t:bchaninsiD, Hontx^al, 1979» |>p#l26-l29. 
10.. BuMji^ti, rt»¥., SoalsjFt S.^ QM Otr-aa,^\0/%,'» (to 
tfeo tJso of (^ Ejploai '!9%hoa of Coj^jtmlatj OptJissioatioa 
i s lAWs^m ^^ofefeoeio'S Pro©* of IT 'aofXa Co»s»ooo oa 
flEJoiy of '^ sa i^jaoo ana i3aofmaic!t» ":a}ats?ocsS., I979i 
pp^ 382-50?. 
CoppQlcot^iotio •*• !^ceteaaicm ami r:baMmr IJfeeofy, ?ol.l<^t 
20. ??t?ot>otOt A,t •• Cocspuftlus tssofaaoitaa cmd Mateseo**, 
ai» Allts, G# t^« •* 1?6© IJrei^i of Lltiiaisoo to ©oaorafj© 
FimoUoao of ?oo ?QpSfibl«5o**i JouS'aal of Basioseriiij 
foif I i ^ o ^ t ^^aao, AS^13 «?ortoe B^ ?ol^8lt rio.l» tob 1959, 
PP. 25* 29, 
22« fx-ssoaGaaleltt, f,, m(k Saatopt <>»W.,*' Oa Ite Boisestoi? 
Polafte of a FlQao'% .JoiireiA of Applied noohaaico, "Beaos. 
&S*3, ^ r i08 B, Vol^ 28, l%9t pi>.4l«* <^% 
y 
mn^ mmim Bt ^ol, ^ i !lo,»a, r^^ tOT» |>]?# 553^40, 
!"• • i 
laaaotasTt I'ffano. AC*13, SoHoo B, ?ol,G&> no»2f ^"^ igf73» 
29* AliscaOf H,I,# Sao, A,?.*^*t cuafl SaMOFt 0«n,#w OpUoam 
Syatbooia of 1teo-lfeSD3o-ofw?i?Dc<2o:3 Ploms cafl Spcitial 
roHQtitm OoBOKJtii^ '"coli3Uir.!30 toins I?on3t^ Femsfeloa 
Aj»pj?02ofe*% Jofernsl of Bi^ioooricg for Xttdtsotsy* fmno^ 
h^'Mt %rJfi© Bj ?o l . ^ , 110^2, t:c3F 1975» pi?,629-634. 
50. PQS» R,l**f cmd Oopta, 2:.C,>*»0ptlMcatioa Cloo^aolosy oo 
InawotssTt '?rano, AS'-2« f?QyiO0 Bf ?o1.^ !^» no»2, rc^ X973, 
5X« fO!S, f3,l»,f •* OptJteiso^ie® vofehoae im Snsimorim •^sinn*^ 
M3ieoa*UoolGy PutJllclilas Oo#,Califoraao, 1975, 
^ » Awiolf %#•• O^UlaioGtloa caa lfe0ii3B»% P2?ottt;iOQ-EaU,lBfl, 




' < V / » « ^ ~ _ ^ "^. *'• 
Input-I 
Input-n 
Fig. 1 SEVEN-LINK PLANAR MECHANISM 
(TYPE I ) 
In put-I 
Fig. 2 SEVEN-LINK PLANAR MECHANISM 
(TYPE I I ) 
"O'^O'^O 




Rg.4 SEVEN-LINK PLANAR CO-AXIAL MECHANISM 
(TYPED 
Fig.5 VECTORIAL REPRESENTATION OF SEVEN-LINK PLANAR 
MECHANISM FOR RIGID BODY GUIDANCE 
Fig.6 VECTORIAL REPRESENTATION OF SEVEN-LINK PLANAR 



























I ' 1 
Fig.8 SEVEN-LINK MECHANISM FOR RIGID BODY GUIDANCE 
FOR EXAMPLES (R=272?6.3 AND ?^^(i.Q2\U) 
» - » • 
Fig.9 SEVEN-LINK MECHANISM FOR RIGID BODY GUIDANCE 













mm(sQt t?o '^oriotto aooto varied loo ojs^ ©btoinsa IJS' eoii^ ttio 
gamvcii oot&o^ i of diffoixjaSfSa^ida for Iso^ fe. i l c ia b o ^ saiaai^e 
p = 4* 4* 4, • 4 * 4 * 4 
!?os» tho flQid bofly cuidcsoo, oitlJ i?cc^ot t?o tho (k^aim 






2 {(^In^Sa^^^ V <^ 2Q 4^ti^ ^^ -^ °^ ^n l^ r r ^ " L'*la-313 
^2 
-a {^QCI-OOO 0^h %g oia © }^ 
(3? 
w 
-^ {<%Q--^ 5Q>^ °^'^  ^a^^%t3-^63^°^ ^al 
r ^ "I 
- 1 ^ » g I f ^QCX -^OOO 9^> - ^gj3 Ola ©a I 
Wig 
f « « *2 {%3 c i a % ^ fg^ a-eijo f^)} 
tew 
8&-
for ^tmrSai^ f^iotfloa {^mjmtJioii, ottb focpoot to Ilio floeiga 
TOs^lofelotj S|# l^ i^ iTg* % . . * ss i^ f |» 0^» Ya^d ^n^ro ao f»ll<K?o: 
I t 
te. 
OP r 1 
BE* 
f - « «.2 {f3^(1-000 xf ^ V t^^ Dia -M>j^  } 
^«. o ^ { f^ ^ Ola ^j^ ^ i^ a-aoo P^g^ ) } 
-a { ?3^ om V £40 <^'"' ^ o' 5 
% 























































































































SY?4IHES1S OF SEVEN-LINK MECHANISMS FOR RIGID BODY GUIDANCg 
C0MMON/li4Bl/CAL,5ALjC8I 
DIMENS13N CAIJ 
DIMENSION "" • 
DIMENSION 
F0RMAT(I35 
l , 2 F 6 th 
.S8I .CTI ,STl ,D[ iX,DLy|ALFA.0LXl 
C B l f 4 ) i S & l C 4 ? , c h C 4 5 . S f n 4 ) 
" • ^ '1C4) ( 4 5 # S A M 4 ) , C B l i 4 ) . S & l C 4 5 , C n i 2 8 5 . D l ( 2 8 i , G ( 1 0 ) . D L X l C 4 ) , D l i Y : 
4 ) , B l ( 4 2 / T I ( 4 ) , D L X C 4 ) , D L h 4 ) 
DLYl.MI, 
FQRMATC1X,9F6 .2 /1X.8F6 ,2 /12F5 .1 ) 
FORMATCIX F 5 . 3 , l X , 2 l 2 , i X , F 6 . 2 , I 3 , r 7 , 4 , r 5 . 1 ) 
rORMATClX E 1 4 . 6 ) 
F0RMAT(1X,2F6.2) 
ReADC9,204)X0,NODM,NC,R,LM,ALFA,B 
* < R I T E C 5 » 2 0 4 ) X 0 . N O D A , N C , R , L M , A L F A , B 
R E A D ( 8 . 2 0 l ) ( A L C I ) , B i ( l 5 , t I ( I ) , D L X ( I ) . D L y ( I ) . l 8 l . 4 ) 
W R I T E ( § , 2 0 l ) C A l j ( i ) , 8 I ( l J , T | ( l 5 , D L X C I ) , D L Y C I ) , I a l , 4 ) 
1=1 ,N) 




DO 2 IsiflS 
D0(I)sD0Cl)/B 
CONTINUE 













S A i ( I ) s S I N U L C I ) CBICIJsCOS(BH S B I ( I ) = S l N ( B I l 
C T I ( I ) a C O s ( T I l 
S r i ( I ) s S l N ( T H 
CONTINUE 





u u « u u ^ < 
CALL 'OpTIMMCD0,N,R,NC,NDDM,Dl,F,XO) 
lFCMM.g:Q,L*<)GD TO 20 












DO 22 isl,16 
D1(I)«D1(I)*8 
CONTINUE 


















































































































DO 10 l»l, 
H = 16 + I 
CFiajaCOS 
SFlCIJsSIN J=20+I 






A i i r i 
AR2(I 




A I 4 C I _ ., 




AR7a) = XCl 
A17( l ) c -X( 
AR8CI)=X(1 
F1C1)SAR1 
F 2 ( I ) s A l l 
F3(I)sARl 
F 4 a ) = A l l 
F 5 a ) = A R 4 . 
F 6 a ) = A l 4 ( 
F=F+F1(I)* 
CONTINUE 
IFCf^L.Gr,UGO TO 15 
GO rO 20 
CDNTIMUE 
DO 16 isl 
FUMCX.N.F.G.R.NC) 
l/CAL,SAt.,C81,Sei,CTI,STI.DLX,DLY,ALrA|DLXl,DLYl,NIi 
- ' -f.^ C81£4),SBI(4),CTIC4),STXC4: 
Xf4DeDiy(4).DLxiC4),DlilflC4 
, I 4), SI£4),SSI£43,CGA£4;,SGAC4 
) , 2 C 4 ) ; A 1 2 £ 4 S , A R 3 ( 4 5 ; A I 3 C 4 ) , A R 4 C 4 ) ) ,AI5 4) ,AR6(45Ul6C4)rAR7(4)«Al7C4$ 
) , F l ( 4 ) F 2 C 4 ) , P 3 £ 4 ) , F 4 ( 4 ) , F 5 U ) , F 6 C 4 ) ,AI8(4! 








9 ) * s ! l C I ) l ) « £ l , - C S 
11)«SSICI 






lS + AR2a 
I5+AI2CI 
l5+AR5(I 
l ) + A I 5 ( I 
*2+F2(I) 
CI))+X(2)*$ALfI) 
( I ) ) + X U ) * 5 F I C I ) 
+ X ( 4 ) * f l . - C F i a ) ) (I))+XC65*5TI£I) 
(I))+XC8)*SGAh) 
+ X C 8 ) * C 1 . - C G A J I 5 ) 
+XC10)«h.-CTICI) 
I ( I ) )+X£ l25*&Slc i )+X(12)*Cl,»CSl 
ICI))+XC145*S8I 






















































l = X(l 
l = «Xf 









AI4 (4 ) ,AR5(4 ) ,AI5 (45UR6(4 ) jAI6 (4 )eAR7(4 ) ;Al7C4) 








i ) * s A L c n + x c 2 ) * a . « c A L c i ) ) ( l . - C F i ( X ) ) + X £ 4 ) ' :(X )+X£43*SFIti; 
: i ) 5 - x c 
_ ) * S F l C I ) + X C 4 ) * a . » C F | ( I ) ) 















































































































r i a j s f t R i h 
F 2 ( I 3 = A l l ( I 
F 4 ( l 5 = A l i a 
F 5 a j 3 A R 4 ( I 
F6 ( I )SAI4 ( I 
CONTINUE 
DO 15 IBl,^f 
DF(I )=0 .0 
OQ 20 i s l . 4 
; i )=DF( i ) 
2)aDF(2) 
3)sDFC3) 
. , 4 ) B D F U ) 
DFC5)=DF(55 









*C1,-CGA(I))+XC8)*SGA{I )*SGA(I3+X(8" ' '-
)*STI(I )+X( i ) » ( 1 . - C S I ( I ) 
n*ssi(i)+xc 
)*Cl.»CGAa^ 
•••XC10)«STI(I) O ) » ( l . - C T l C l ) ) 
t n+xhlstssici) 
. , XC12)*Cl,*CSI(l5 
2*(l.-CBl(I))+XCl4)*SBICn 
3 5 * s l i a ) + K ( i 4 ) * c i . - c s i ( i i 
• CTI(I))+X(l6)*5Tia) 
d 0 
. I )+X( 






i -AI4( I ) 
a ) - A R 7 






F 3 a ) {F3(I ( F 3 a 










• s x ! a ) + F 4 t i 
) -F5 ( in« ( i» 

















( i )*c i , - cT ic i5 : ) )»F6c!)«ss i ! i : h)*ii,*c$im: 
))-F6CI)*5BiCI 
( i )*a .»CBic i5! ) ) -F2(I)*sr iCI 
CI)*(1.-CTICI) DF(16)sDf I I = 1 6 t i 
D F C I D B Z J ^ V 
2 ) + F 3 a ) ) * X C 4 ) J=20+I 
D F C J ) B . 2 , * C ( F 5 ( I ) * X ( i n + F 6 ( I ) * X ( l 2 ) ) * S S n i ) + C f 5 { I ) * X ( i 2 ) - F 6 ( I ) * X 
4 ( U ) ) * C S l ( f ) ) 
JJ=24+I 
3 ) - F 3 h ) ) * X C 8 ) 
CONTINUE 
RETURN 
( ( F i a ) + F 3 ( i n * X U ) + (F2CI)+F4CI))*XC4))*SFI(I> + ( ( F U I 
- (F2CI)*F4( in*XC3) )«CFICI) ) 
CCF5(I3-F3(I))*X(75-«'(F6CI3-F4(I))*X(8))*SGA(13 + C(F5Ci 
'CF6(I)-P4a))*XC7))*CGAC: 
VSUM(285/H0C28,28),H(2§/28)jrAMC28<,28),AN{28j28) 




DIMENSION CALH5rSAl (43 jC8 lU) ,SS lC4) ,Cf lC4: " 
DIMENSION - - • - - ^ - ' • - - ' -
DIMENSION uu I ISO;» WA V iso ^  .av ^5 ^ 
OIHEMSIQS i03,O KC43»6LY
REAU L " 
DO 5 I s l . N 







00 25 Jsi,N 
VSUMCJ)ao,0 
DO 30 Kai.N 
VSUM(J35V5UM(J)+H0(J,K3*DELF0(K) 
3CJ3s-VSUM(J) 
DO 35 J=1,N 
DO 35 K=ieN 
H(J,K35H0CJ,K) 




SUMaSUM + §(I)*S"CI) 
















































































































Ckhh MING31- (DO,X,F,M,L,N»NC,S,XO) 




IFCNN.LT.MODMJGQ TO 60 
E=(ABSCFi)-ABS(Fn/ABS(Fl) 




DO 65 1=1,W 
SUM3SUM + sCI)*5fCl) 
DO 65 JaifN 
AM(l.j)BsU)*S(J3 
DO 70 1=1.N 
DO 70 Jsl.N 
AH(I,J3ax*AMCl,J)/SUM 
DO 75 lsi,M 
VSUMCI)=0.0 
DO 80 J=1#N 
VSUHCI)oVSUM(I)+HCI,J)*YCa) ANl ( I ) sVSUM(I) 
SUM=0,0 
DO 85 1=1jM 
SlJH = SUW+YCn*A?llCl) 
DO 85 J=1,M 
A N ( I . J ) s ' A n c i ) « A « l ( a ) 
DO 90 I s l . M 
DO 90 JsifH 
ANCI,J)=«AN(I ,J ) /SUM 
H ( I . J ) = H ( I . J ) + A M C I , J ) + A N C I , J ) 
00 95 1=1,N 
VSUMCDso.O 
DO 100 J = l . N 
V5tJMCI)=VSaNt(I)+H(I,a)*DELFl(J) 
S ( I ) s - V S U ^ ( I ) 
D O C I ) = D l ( n 
O E L F O d i s D E L F K I ) 
CONTINUE 
F1=F 
GO TD 40 
CONTI^ JUE 
F0RHAT(1K,6E15,5) 




















DO 15 1 = 1,^fC 
I F ( G C I ) , G E . 0 , ) G D TO 20 
GO TO 25 
X l = X l / 2 . 
MMBl 
GD TO 5 
X2s:2.*Xl 
IPCMM.EQ.UGO TO 30 
DO 35 I = L N 
D2CI)=D0ct )+X2*SCl ) 
T=X2 
CALL FUNC02,N,F2,G,L,?«C) 
00 45 1=1,NC 






37000 GO ro 55 ^/•/ 
37100 30 X2»(XJ + X25/2, "^'^ 
37200 «<MPl 
37300 GO ro 50 








38300 GO ro 50 
38400 60 IFdl.EO.DGO TO 65 
38500 X1 = X0 
38600 F1=F0 
38700 GO TO 70 
38800 65 X1 = 0 
38900 Fl=F 
39000 70 CONTINUE 
39100 K=l 
39200 Cal.618 





39800 DO 80 Iisi.M 
39900 01CI)«D0(I)+yi*S(I) 
40000 80 02(I)cOOCl) + 3f2*S(I) 
40100 TsYl 
40200 CALL ?m CDl ,»i,Fl ,G,L,NC) 
40300 19X2 
40400 CALL FUN(02,N,F2,G.L,NC) 
40SO0 85 IF(f2,GT,Fl)G6 TO 90 
40600 X2SX2-R2 
40700 RSX2-X1 
40800 IF(R,Lf.0,02)SO TO 95 
40900 GO TO 100 
41000 95 XSX2 
41100 F=F2 
41200 GO 10 105 
41300 100 R1=R2 
41400 R2=R-R1 
41500 y2=Xi+R2 
41600 00 110 Isl,N 
41700 110 O2(I)sO0(I)+Y2*SCI) 
41800 F1=F2 
41900 TBY2 
42000 CALL FUN(D2,N,F2,G,L,NC) 
42100 GO 10 US 
,,42200 90 Xl = Xl+R2 
A2%Q0 PPX2-X1 
42400 IFCR.LT.0.02)GO TO 120 
42500 GO TO 125 
42600 120 X=X1 
42700 FsFl 
42800 ^ GO TO 105 
42900 125 R1=R2 
43000 P2=R"R1 
43100 Yl = Xl-»-Rl 
43200 DO 130 Isl.M 
43300 130 DlCI)»D0£l5tYl»SCI) 
43400 F2aFl 
43500 T=yi 
43600 CALL FUN(Ol,N,F1,G,L,NC) 
43700 115 K=K+i 
43800 IFCK,EQa^)SO TO 75 
43900 IFCK,EQ.20)G0 TO 75 
44000 GO ro 85 








600 «•' «/ 
700 C SYNTHESIS OF SSVEN-LlNK MECHANISM FOR fUHCtlDH GENERATION 
800 C — — - -« —..^ ..•.«.....«.......,.**..•,,«».,...•.. 
900 
1000 C3M--^QN/LA81/C4L,SAL.CSI,SPI,CGAiSGA,ALFA,NL,Hl,H2,H3,H4 1000 C3M--^QN/LA81/C4L,SAL.CSI,SPI,CGA,SGA.ALFA,NL,H1,H2,H: nOO DIMENSIDSJ CAL(45,SAlC4KC8I(4),v^BIC4),CaA(45,SGAC4) 
1200 DIMEHSID^ DO(26),01C26),GC10),HIC4),H2(4),H3C4),H4C%/ 
1300 OI^iSNSlDV ALC4),BI(4).GAC4),GA1(4),GA2(4)/GA3C4),GA4(4) 
1400 201 F3RMAT(7X:,Fl0.6,2X,Fl6.6,2X,F10.6) 
1500 202 FDRv^AT(5X,I3) 
1600 203 F3RMAT(1X,8F6.2/1X,6F6.2/4F5,1/4F5»1/4F5,U 
1700 204 F0R«ATC1)C,F5.3,2I2,F6.2,I3,F6,4,F5.1) 
1800 205 F:)R^ATC1X,F14,6) 
1900 206 F0R^AT(/1X.4F12.6) 
2000 REAn(9,204)X0,W0DfSNC,R,UM,ALrA,B 







2800 DO 4 1=1,14 
2<500 D0(I)-D0CI)/S 
3000 4 C3'vriNirE 
3100 03 5 1=1,12 
3200 .Tr = 14 + I 
3300 D0cn) = (D0ClI)*3.14lS9)/l80, 
3400 5 CONTIMliE 
3500 D3 JO 1=1,4 






4200 S8rCX) = SJt^ fB]C(I)) 
4300 CGA(l5=C3SCGA(I)) 
4400 S3A(I)=SINCGA(I)) 
4500 10 CO.riNUS 
4600 ^MsO 
47 00 .NL=1 
4800 CALL F!JMtDO,fJ,F,G.R,NC) 
4900 FsF*B**2 
5000 >^RITF(5i205)F 
5100 15 CO?JTIMUE 
5200 M«sMM+i 
5300 CALL OPriM»UD0,N.R,NC,'*O0'<,Dl,F,X0) 
5400 IFC>^«,E3.L")G0 TO 20 
5500 D3 16 1=1,« 
5600 D0CI)=D1CI) 
5700 16 C3UT1NUE 
5800 G3 ro 15 
5900 20 CONTIwtje 
6000 F=F*B**? 
6100 ^RITE(5,205)F 
6200 24 Cn*iH«US 
6300 'VL=2 
6400 CALL FllNi CDl , M , F,G,R , MC) 





7 000 GAl(I)sCGAl(I)*lH0.)/3,14159 
7100 GA2CI5=C3A2(I)*180.)/3,14159 
7200 GA3CI)BCGA3CI)*H0.)/3.14159 
7 300 GA4(I)=C3A4(I)*180,)/3.14159 
7400 27 C3NTIMUE 
7500 ,^RirE(5,206)CGAlCI),GA2CI),GA3CI),GA4(I),:tsl,4) 
7600 D3 28 1=1,14 
7700 D1(I)=01CI)*3 
7800 28 CO'^ JTINUE 
7900 D3 29 T=l#12 
8000 lI=14tT 
8100 Dl(II)=!(DlCTI)*l8C.)/3,14159 
8200 29 CDf^riMUE^ 






9800 C3^'4QN/l,ASl/Ci\L(,5Al,,CBI,SBI,CGA,5GA,At.Fft,riL,Hl,H2.H3»H4 l o 
9900 OmmSlOM CA-t i (45,SALC4),CeiC4) ,S8lC4) ,CTiC4) ,Sf lC4: 
lOOOO OlMENSlDfi C F I ( 4 ) , S F I ( 4 ) , C S I ( 4 J , S S I ( 4 ) , C G A ( 4 ) , S G A C 4 
10100 OIMEN'StDN ARl (4? ,AI l£4 ) ,AP2(4 ) ,A12(4 ) ,AR3C4nAI3C4 
10200 DT^E^iSlD'^ AR4C4), A I 4 ( 4 ) , AR5 C4), AI5(4) , AR6( 4 ) , AISC4! 
10300 DIMEMSI3M A R 7 ( 4 ) , A I 7 ( 4 ) . E 3 ( 4 ) . £ 4 ( 4 ) , H 3 ( 4 ) , H 4 C 4 ) 
10400 t?lW.fiSlDn X { 2 6 ) , G a 0 ) , 8 i C 4 3 , C l ( 4 K H i C 4 ) , H 2 ( 4 ) , E H 4 ) 
10500 DI-'iENSID**- F1C4),F2C4),F3(4),F4C4),K2(4),82U),C2C4) 
10600 Dr.'E^ iSI3M El 1C4), Ei2C4) ,531 (4), £32 C4) 
10700 F=0,0 
10800 DO 10 1 = 1,4^  
10900 11=14+1 
11000 CFICI)=C35CXCXI)) 






11700 SXI(I) = SI'«CXCJJ)) 
11800 AR1CI) = XC15*(1,-CALC1))+X£2)*SAI,CI) 




12300 AJ3CI) = 'X(5)'i=STICI)+XC6)*Cl.-CTICJn 
12400 AR4fl5=X(7)*Cl.*CGACI))+XC85*SGA(I) 
112500 AI4CI) = -X(7)*SGA£I)+X(8)«a.-CGAan 
12600 AR5C4)sXC9)*Cl,»CTI(l))+xaO)*STia) 
12700 Ar5(I)s-X(93*STl(U+X(10)«Cl.-CTlCI)) 
3 2800 AR6(I)sX(lU*Cl,^CSItI))+XC12)*SSni3 
12900 A16(I)="XCin*SSlCI)+XC12)*Cl,-CSl(I)3 




: ^ ' ; . . " ; i ) + A R 5 ( i ) ' ' ":~: " ~ . " 
5 4C )=Al4CI) I5(I3r' I6CI)-AI7(l13400 F3CI)=AR4(I +A 5(I -AR6(I)-AR7CI5
13600 F=F+FICI)**2+F2CI)**2+F3CI)*«2+F4(I)**2 
13700 10 C3-*^ri^US 
13800 IFC^JL.cr.DGO TO 15 
13900 G'J rn 20 
14000 15 commuz 
14100 A1=CXC7)*XC7))+CXC8)*XC8)) 





14700 C H I ) =Ei ( n **2 + XC7)**2-2.*ElCI) *XC7)-X(8)»*2 
14800 E2CI) = fBi (15*1^2-4.*A1*C1 C D ) 
14900 C Hl(I)=C-Bl(I)+SQRT(E2fI)))/C2.^Al) 
15000 C H2Cl)sC-&lCl)'"SaRT£E2(I)))/C2,*Al) 
15100 ?:31CI) = AIUI) + AI2CI)«AI3CI) 
15200 E32{I)=AI6(I)+AI7(I)*AI5CI) 





15800 H4(I) = C-S2CI)''Si'>RT(E4CI))5/C2.*Ai) 
15900 16 Ca?Jri''lllE 
16000 20 ca^irxNue 
16100 GC1)=-1.0 
J 6200 RSTURN 
16300 F.^JD 
16400 
16500 SUHROUTIME DELFMCX . »l,OF,L,NC) 
16600 CaMM0N/LA31/CAL,SAL,CBI,SBI,CGA,SGA.ALFA,NL,Hl,M2 
16700 DIME^SiD^i CAL(45, 5ALC 4) ,CBI f 4) ,SBI C4) ,CTi (4), S TIU) 
16800 DIME^?SIqM CFI C4), SFI U ) ,CSI U ) ,S5I M ) ,CGAf 4) ,SGAC 45 
16900 OI^E^SID^^ AR1C4),AI1(4),AR2C4),AI2C4),AR3C45 AI3C4) 
17000 DIHSKSI3V AR4(4),AI4(4) 
17100 DIMe?/Sl3M AR5f4),AI5C4),Aft6C4),Aj:6C4),AR7C4),AI7(4) 
17200 OlMErJSlDN Fl (4) ,F2( 4) .F3£4) ,F4C4) 
17300 Dl^F.NSl'3H XC26),DFC26) 
17400 REAL L 
17500 DD iO isl,4 







18700 . . 
18800 CFI(I) = COSCX(n)) 1 . 

















20 700 AI6(I3=-XCiU*SSlCl3+X(123*Cl.-CSIClh 
20800 AR7(l3sX(133'«'Cl."CBICI3 3+X(l43*S8ICI) 





21400 10 CDNTINUS 
21500 DD 15 1^1,n 
21600 15 DF(I3=0.0 
21700 D3 20 1=1,4 
21800 OFC13=OFCi3+2.*CFi{I3*(l,-CALa3 3''F2CI3*SAI.(I3 3 
21900 DF(23=DF(23t2.*(Fl(I3*SALCl3+F2CI3*Cl,«CALCl3 3 3 
22000 DFC3 3=DF(3 3+2,*CFlCl3*Cl.-CriCI3 3-F2C!3*SFI(l3 3 
22100 DF(43=DF(43+2,*(F1C13*SFI(I3+F2CI3*C1,-CFJ:£13 3 3 
22200 DF(53=DFCb3-2,*(FlCI3»£l.-CTICI3 3-F2(f)*STIfI)) 
22300 DFC63=DF(63-2,'!'fFlCI3*STItI)+F2Cl3*£l.-CT]:C13)) 
22400 DFC73=DFC73-2,*CCFlC13-F3(l3 3*(lt*CGA(13 3"(F2(l3<'F4CI5)*SGA(l3 3 
22500 DF(83=DF(83-2,*C(Fl(I3-F3Cll3*SGA(I3 + £F2CJ:)'F4CU}*n.-CGA(i)3) 
22600 DFC93=OF(93+2.*CF3CI3»£l,-CnCI3 3*F4CI)*STICl3 3 
22700 DFC103=DF£103+2.*CF3(I3*STICI3+F4(I3*(1.»CXICI)3) 
22800 DFC113 = OF(113-2.*CF3(13*Cl.«.CSICI3 3-F4(:i3*SSICl53 




23300 nFCII3=2,*C(FlCI)*XC33+F2(I3*XC43 3*SFlCI3*CFlCl3*XC4J-F2(I)*X(3J 
23400 53*CFI(I33 
23500 J=18+I 
23600 DF(J3=«2.»(CF3C13*XCU3+F4(I3*XC123 3*SSIC:t3-l-CF3(13*XCl2)»F4(I3*X 
23700 4£U33*CSx£I33 
23800 Jjis?2 + f 
23900 DFCJJ3 = 2.*(CCF3Cl3*XC93+F4(I3*X£103 3-(Fl( , i :3*Xf53+F2a3*X('63 3 3* 
24000 4STI£l)+((F3CI)*X(103-F4£I3»Xt953-CFlCI)»XC&3-F2(I)*X(5)3)*CTI£l)) 




24500 SUBHQ!JTI?iS OPTIMMCD0,N,L,»-IC,KOOM,Dl, F,X03 
24600 :OMMnM/LAai/CAL,SAL,CBI,Sai,CGA,SGA,A{,Fft,i^4L|Hl,H2 
24700 DIMENSlD^ CALC43,SAL£43.CaiC43,SBI(43,CGAC45*3GA(43 
24800 DIME/«5I0M VfSUMC263 .HOC26,26) |HC2b,263 / AMC26,26) .AN 'pe , 26) 
24900 DI-<F.MSION DO ( 2 6 ) , D1 (26) , S £ 2 6 ) ,DeLF0(26) ,DELFU263, AMI (263 
25000 OlHEMSiaN GCl03,yC263 
25100 PEAL L 
2S200 no 3 1 = 1.'4 
25300 DO 10 J=l,'4 
25400 10 riOCI,J3=0.0 
25500 riOCX,13=1.0 
25600 5 CQMTinUE 
25700 15 COMTIMUE 
25800 HHzO 
25900 CALL DeLFMCD0,1,DELF0,L,NC3 
26000 DO 25 J=1,M 
26100 VSU'1CJ3=o.O 
26200 DO 30 K=1,M 
26300 30 VSUMCJ)sV§UMCJ3+H0CJ,K3*DELF0(K) 
26400 25 SCJ)=-VSU^(J3 
26500 DO 35 J=l,M 
26600 DO 35 Ksi.H 







27900 M=l 1 ,/ 
28000 40 SU'430.0 -^ ^'' 
28100 N'M = '^ 'v*l 
28200 00 451 = 1,f^  
28300 45 SU« = SU!^tSCI)*SCI) 
28400 DO bCi 1 = 1,n 
28500 50 SC13=SCT)/SQRTCSUM) 
28600 CALL n'iG:tL (00,X,F,M,h,N,NC,StXO) 
28700 DO 55 1 = 1,,M 
28800 55 01CI)=OOCr)+X*SCI) 
28900 C #!RlT£(5,3053CDlCI),Isl,N),L,F,X,H 
29000 »'RirEC5,306)F,X,M 
29100 TF(^ i^ 'J,f.T.^ 30«4)GQ TO 60 
29200 E=fABSCFt)-ftBS(F))/AB5CFl) 
29300 If(ABSCE),Lr.i^LFA)GQ TO 105 
29400 60 CONTIMUE 
29500 CA|,L 0ELP*^C01,N,0SLF1,L,NC) 
29600 SUM=0,0 
29700 DO $5 1 = 1,'J 
29800 YCI) = DEliFlCl)-DEl,FO(I) 
299D0 SUM=SiH+sa)*yCl) 
30000 DO 65 J = l,*f 
30100 65 4HCI,J)=sCI)*S(J3 
30200 DO 70 T=i»^ 
30300 DO 70 Jsi.H 
30400 70 aMCIiJ)=X*4MCl,j)/suM 
30500 DO IS i:si,M 
30600 VSIP1CI)=0,0 
30700 DO 80 J^lf^ 
30800 80 VSU«CU = ySUH(I)+H(I,J3*y(J3 
30900 75 AMCDsVsUMCt) 
31000 SUM=0,0 
31100 00 85 1^1,ti 
31200 SOM=Sy** + Y'CI)*A.VUI) 
31300 DO 85 J=l,^ 
31400 85 AN(I.J) = ^ *nCI)*AMlCJ) 
31500 DO 90 1=1,M 
31600 PD 90 Jslff} 
3J700 A.^ <CI, J3 = -AMCI,J)/SU« 
31800 90 H(I,J)=HCI,J)+AM(1,J)+AN{I,J5 
31900 DO 95 1=1,M 
32000 */5U^CI)=0.0 
32100 DD 100 Jsl,M 
32200 100 VSU»^CI)=VSUM(n+H(I,J)*DELFlCJ3 
32300 SC1)='VSIJ-'^ CI) 
32400 D0CI3=D1(I) 
32500 DELFOCDrDSLFKI) 
52600 95 CO?JTIMiJE 
32700 F1=F 
32800 GO ro 40 
32900 105 COMTIMUE 
33000 C305 F0RMArcl<»7E15.5/lX,7Ei5,S/JX,7£:i5,5/lX,7E15.S/5X,3£15,5,I5) 




33500 SUBRQUTIME •«I^GOL(D0 , X,F,M,L,si .^C,S. 10) 
33600 C3**«0M/LABl/CAL,5AL,,CBI,Sai-CGA,SGA,ALFA.iU,Hl,H2 
33700 DIMENSIDV CAL(45.SALC4),CBn43j|BI(4),CGM45,seA(4) 
33800 DI^^CWSIOM D0C26) ,01 (263,02(26) ,5(2$) 
33900 DIMEMSIQw GCIO) 






34600 S CO-MTI'iUt 
34700 PQ 10 1 = 1,N' 
34800 10 Dl(I)=D0cl3-hXl*SCl) 
34900 TsXi 
35000 CALL FUFJCDl,fJ,Pl,G,L,^C) 
35100 DO IS 1=1,MC 
35200 15 JF{S(I).Gfe.0,5GO TO 20 
35300 GO ro 75 
35400 20 Xl=Xl/2. 
35500 MM=1 
35600 GO TO 5 







36900 IFCMM.EQ.DGG TO 30 
37000 50 DO 35 1 = 1,N . ,, 
37100 35 D2CI)=D0CI)+5C2*S(I) 1 ^ ^ 
37200 T=X2 JL ^ ij 
37300 CALL FUM(02,S,F2,G,L,MC) 
37400 DO 45 1=1,NC 
3^7500 45 IfCSCD.GE.a.OJGO TO 30 
37600 GO rn 55 
37700 30 X2=(Xl+X2)/2. 
37800 MM=J 
37900 GO rO 50 








388 00 IFCM^..fi:a.l)X2 = Xlt(Xl-X0)/2. 
38900 GO TO 50 
39000 60 IFCII.RO.nCJO TO 65 
39100 Xl=X0 
39200 F1=F0 
39300 GO T3 70 
39400 65 X1=0 
39500 Fl=F 
39600 70 CONriMUE 
39700 K=l 
39800 Csl,518 




40300 Y2 = )(J+R2 
40400 DO 80 1 = 1,M 
40500 Dl(I)=D0cI)+Yl*SCI3 
40600 80 D2(I)=D0(I)+y2*S(I) 
40700 T=Yl 
40800 CALL FUn (Dl,N,Fl,G,L,NC) 
40900 T=Y2 
41000 CALL rUN(D2,N.F2,G,L,^iC) 
41100 85 IFCF2,GT.ri)G6 TO 90 
41200 X2=X2-R2 
41300 R = X2''»:i 
41400 IFCK.LT.0,02)50 TO 95 
41500 GO 10 lOn 
41600 95 X=X2 
41700 P=F2 
41800 GO in 105 
41900 100 R1=R2 
42000 R2=R-R1 
42100 Y2SX1+P2 
^42200 DO 110 lsl,M 
'^42300 U O D2C1)=D0(I)+Y2*S(I) 
42400 F1=F2 
42500 Tsy2 
42600 CALL FUNCD2,W,F2,G,L,MC) 
42700 GO TO 115 
42800 90 Xl=XlfR2 
42900 R=X2-X1 
43000 1F(R.LT,0.02)GO TO 120 
43100 GO TO 125 
43200 120 X=X1 
43300 F=F1 
43400 GO TO 105 
43500 125 R1=R2 
43600 R2=R"R1 
43700 Y1=X1+R1 
43800 00 130 lsl,N 
43900 130 DlCI)=D0(I)+Yl*S(n 
44000 F2=F1 
44100 T=Y1 
44200 CALL FUMfOl,N,F1,G,L,wC) 
44300 115 i< = K + J 
44400 XFCK.SO.tOJSO TO 75 
44500 IFCK.SQ,20)GD TO 75 
44600 GO rO 85 
44700 105 H=MfK 
44800 RETURN' 
44900 EMD 
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